During the administration of a construction project, various types of participants are engaged in the project. From the design phase to the maintenance phase, these participants may confront many risks. To avoid these risks, participants should utilize an insurance company or a bond company. The types of risks and liability that a construction manager may face are listed in the construction law or contract. But there are some arguments related to risk transferring and the content of risks. For this reason, construction managers must carefully consider any possible risks in the contract and the construction law. Therefore, for construction managers to deal with risks appropriately, the introduction of a legal requirement to carry professional liability insurance, a defined compensation range for damages, a method of guarantee in the event of defects, a defined compensation claim period for damage, and a method of damage claim were suggested in this study. 
LCCA for facilities
The major consideration of stakeholders in maintaining their facilities is to anticipate the costs of building operations over the life of the building. The National Institute of Standards and Technology (NIST) has defined Life Cycle Cost Analysis (LCCA) as "a method for assessing the total cost of facility ownership." It takes into account all costs of acquiring, owning, and disposing of a building or building system [1] . LCCA enables ⓒ2013 The Korea Institute of Building Construction, All rights reserved.
stakeholders to make better-informed decisions on facility operations by estimating expected annual costs over a building's life cycle.
In order to predict the costs over the life of a building, the Net Present Value (NPV) and the Uniform Annualized Cost (UAC) methods are commonly used in LCCA [2] . The Present Value (PV) is determined for future expenses by taking the anticipated inflation of present dollars into account and discounting that amount by a predicted rate over the period between the anticipated time of future expenses and the present time. Therefore, the NPV represents today's sum of all present
and future values, including discount and escalation factors, while the UAC method is used to transform present and future costs into a uniform annual cost series, as shown in Table 1 . In this research, the NPV method was used to predict the average Maintenance and Repair costs (M&R) for hospital facilities. The formula of the NPV method is as follows [3] : Table 1 For decades, the most commonly used LCCA method was the deterministic method. Utilizing historical data or expert knowledge, assumptions were made on both time and costs, which included the initial and operation costs of a building. In this method, these costs were kept as fixed. Therefore, using these fixed input variables, the expected costs could be easily calculated [4] .
However, as it used fixed data, the method does not consider the uncertainty of a building's environment. When it comes to future M&R costs, there are potential errors, such as interest rate and inflation rate. In the real world, the costs cannot be calculated accurately without the consideration of uncertainty [5] . Therefore, in order to solve the problems of uncertainty, a probabilistic approach has recently emerged in LCCA. The discount factor and M&R costs can be calculated by using probabilistic distributions [6] . For example, Muga et al. [7] compared the economic impact of two different roof systems, a green and a built-up roof, by using NPV calculation. In their research, a probabilistic method was used to more precisely predict the life cycle cost of these two different roof systems. By using Monte Carlo simulation, the results showed the variation range of the life cycle costs for each roof system. Herbold [8] used the probabilistic method for pavement cost analysis. The initial cost, future rehabilitation costs, discount rate, and year of rehabilitation were calculated using probability distributions. Random sampling was then used to compute NPV, and by conducting iterations, a probability distribution of results was obtained.
2.2 Using monte carlo simulation for probabilistic method In order to predict maintenance and repair costs over the whole life span of a certain facility, it is essential to consider the uncertain environment of a certain project [7] . While in the deterministic method, input variables such as maintenance and repair costs are fixed, in the probabilistic method, the costs can be calculated using statistical methods that take into consideration the uncertainty conditions of a certain facility. In the method, to provide a probability confidence interval for predicting appropriate life cycle costs, Monte Carlo simulation is widely used. The simulation is defined by providing the probability distribution with a minimum, a most likely, and a maximum value.
Distribution types include normal, triangular, uniform and log-normal [9] . In this research, the log-normal distribution was used to predict the M&R costs of a research hospital facility. A log-normal distribution is a probability distribution of a random variable whose logarithm is normally distributed. The major assumption of a log-normal distribution is that if X is a random variable distributed normally, then Y=Exp (X) has a log-normal distribution [10] . From Monte Carlo simulation, log normal distribution of each variable is provided through multiple iterations. The probability density function of a log-normal is as follows:
For normally distributed data, the interval µ ± a represents a probability of 68.3%, while µ± 2aand µ ± 3a represent confidence intervals of 95.5% and 99%, respectively [11] . This study provides a 99% confidence interval, the assumption, µ ± 3a, are established by applying to each M&R systems in the facility.
Research objectives and methods
Traditionally, designers and facility managers have focused on reducing the initial construction costs for their projects. However, this frequently leads to inefficient, short-lived facilities with unnecessarily high M&R costs [8] . Graham's study [10] reports the fact that over thirty years, M&R costs for buildings are generally five times more than the costs of initial construction.
Therefore, predicting M&R costs over the whole life span of a building should be considered when major stakeholders such as owners and facility managers are planning new projects. Although many studies have attempted to predict M&R costs for buildings [7] [8] , quantitative studies for predicting the M&R costs of hospital facilities have been fairly limited.
In addition, to predict the asset value of companies, the log-normal distribution method of statistics has been used in the stock market rather than the normal distribution method. For example, in the normal distribution, the probability of an increase of 1,000 Won is the same regardless of whether the stock price is 100 or 96. Therefore, it cannot be represented the real price since, in the normal distribution, it is evaluated with the absolute flow. To address this issue, the log-normal distribution method has been used to predict the price with the relative flow of the stock market. In this respect, the log-normal distribution method is used in this study to predict the M&R costs, since the costs have the same probability at the relative flow of prices like the stock market.
Therefore, the main objective of the study is to develop a predictive model for M&R costs of hospital facilities. To accomplish this objective, the study consists of three parts: (1) predicting the costs of each major building system; (2) predicting costs related to four types of typical M&R activities: preventive, major, replacement, and un- 
LCC Analysis for hospital facilities
In order to accomplish the objectives of this study, profile estimates of 50-year maintenance cost for a hospital facility were used. The profile estimates were made with the Whitestone facility cost forecast system, calibrated for the Washington, D.C. area. It includes a list of major components and their annual forecasting M&R costs. Table 2 presents the outline of the hospital facility for this study. Figure 1 . The proportion of four types for M&R cost
Predicting each system components
All ten systems are analyzed using Monte Carlo simulation with 10,000 iterations. Random numbers are generated for all systems. The following costs matrix is suggested to calculate all annual costs for 50 years. As shown in Table 5 , the total NPV costs for each system are calculated. Of the ten systems, the electrical system has the highest total M&R costs, while the fire protection system has the lowest M&R costs. Figure 1 shows the proportion of the four types of M&R costs in each system. In the exterior enclosure system, unscheduled maintenance cost represents more than 50% of the four types, while in the conveying system, unscheduled maintenance cost is 19%, which is the lowest proportion of unscheduled maintenance among the ten systems. In addition, there are no major M&R costs in the conveying and HVAC system.
Sensitivity analysis for inflation and discount factors
To prove the validity of this study, sensitivity analysis tests were performed with different standard deviations. The roofing system was selected to conduct the sensitivity analysis tests since the system has a relatively balanced proportion of the four types of M&R costs. 
Log-normal distribution for total components
In this study, the log-normal distribution was used to predict the M&R costs of a research hospital facility. A log-normal distribution is a prob-ability distribution of a random variable whose logarithm is normally distributed. By using the log-normal distribution, the total M&R costs were calculated in this study. Compared with the results of the MARS of Table 3 , it can be predicted with more accuracy and reliability, and a decreased variation range. 
Summary and conclusion
Historically, the estimation of life cycle cost has been performed using deterministic methods.
However, these do not take into consideration the uncertainty in M&R costs. In this respect, to estimate life cycle cost more accurately and reliably, it is necessary to predict unscheduled maintenance cost. To address the uncertainty issue, in the stock market, the log-normal distribution method of statistics has been widely used to predict the asset value. It enables the uncertainty value to be considered. In this study, the log-normal distribution method is applied to estimate the M&R costs for 50 years with unscheduled maintenance costs. In addition, although many studies have attempted to forecast M&R costs for buildings, no research has been conducted into predicting M&R costs by using log-normal distribution methods. To address this shortcoming, the objective of this study is to propose a predictive model for M&R costs using log-normal distribution method. As a case study, the log-normal distribution method was applied to a hospital facility in Washington, DC. Compared with the MARS, it was found that the probability function for the cost of M&R in each building system matches a log-normal distribution. In addition, compared with the results of the MARS, it can be predictable with higher accuracy and reliability with a decreased variable range.
The findings of this study can provide a standard for M&R costs to help major stakeholders make better-informed decisions for anticipating the future costs of ownership of facilities. Furthermore, the predictive model established using a Monte Carlo simulation can be utilized as a guideline to accurately forecast the M&R costs of facilities.
